We examined the effects of handling, cage transportation, anaesthesia and repeated bleeding on plasma glucose levels in mice and rats. Plasma glucose was determined using a compact glucose analyser Antsense®, which provides a quick and accurate method without the necessity for special specimen preparation. In mice, plasma glucose was significantly elevated after primary handling or cage transportation. Anaesthesia increased plasma glucose levels two-fold, whilst repeated bleeding induced a rapid but transient increase. However, it was found to be possible to sample plasma glucose levels at one-hour intervals without any apparent effect on plasma glucose level as a result of stress from the sampling procedure. In contrast, the same set of procedures i.e. handling, cage transportation and anaesthesia, when performed on rats, seemed to have small or no observable effect on levels of plasma glucose. These results show the importance of the sampling procedure when determining plasma glucose in mice. It is recommended that the procedure which causes the least influence on endogenous glucose levels should be the method of choice and that animals should be acclimatized to the procedure, by appropriate handling, prior to sampling.
repeated blood sampling Several anaesthetic agents have been shown to have a profound effect on peripheral blood glucose levels in rats (Besch &. Chou 1971 , Green et al. 1973 , Gartner et al. 1980 , Fowler et al. 1980 , Suzuki et al. 1980 , Arola et al. 1981 , Scott &. Trick 1982 , Zorzano &. Herrera 1984 , Penicaud et al. 1987 , Lang 1987 , Bhathena 1992 , Johansen 1994 . However, few reports have investigated this phenomenon in mice. In general, mice do not acclimatize to handling as well as rats, and are more sensitive to changing conditions of lighting, sound and vibration (Fujii &. Koyama 1975j . Plasma glucose levels are therefore generally higher and data more variable in mice than in other animals (Frith 1980 , Mitruka &. Rawnsley 1981 , Wolfordand et al. 1986 , Loeb &. Quimby 1989 , Hall 1992 , Mokhtarian 1993 . The present study was performed to characterize the variations in plasma glucose levels in response to handling, cage transportation, anaesthesia and serial blood sampling in mice and rats.
It was also hoped to establish a method whereby the procedure itself would have no effect on endogenous glucose levels and Accepted 11 June 1997 permit repeat sampling so that reliable comparable data could be collected over a period of time.
Materials and methods

Animals and animal care
Eight-to nine-week-old B6C3F1 and ICR mice weighing 21-30g (male) and 19-24g (female), F344 and SO rats weighing 190-262g (male) and 145-185g (female!, were obtained from Charles River Japan, Inc. (Atsugi, Japan). Animals were housed inside a barriered rodent facility. Groups of not more than five animals were maintained in suspended metal cages (16(L) x 23(W) x 13(HI cm for mice, 42(L) x 25(WI x 22(H) cm for rats) with commercial pellet diet (CRF-1; Oriental Yeast Industries, Tokyo) and tap water available ad libitum.
The animal room was air-conditioned at 23 ± 3°C and relative humidity of 45 % to 65 %. The air was changed about 16 times per hour, and the room was lit for 13 h (08:00-21:00 h) per day. To acclimatize the animals, except the non-handled group, to the bloodsampling conditions, they were handled in the same manner as in blood sampling once a day for one week prior to sampling. animals with ether was achieved by placing the animals in a small jar completely saturated with diethyl ether (Kanto Chemicals Inc., Tokyo, Japan) to rapidly induce a surgical level of anaesthesia. Pentobarbital anaesthesia was achieved with a 75 mg/kg intraperitoneal injection of sodium pentobarbital. Animals selected for decapitation were removed from their cages to an adjacent room for decapitation on the day before. Decapitation took place within 10 s of removal from the cage, blood was collected in a micro-tube within 5 s after decapitation. Between animals the guillotine was cleaned with gauze. Animals had free access to food and water until blood sampling.
Measurement of plasma glucose
Plasma glucose was determined in a 5,ul whole blood sample one minute after blood sampling, using a compact glucose analyser Antsense® (Miles-Sankyo Co. Ltd, Tokyo, Japan) (Shirai et a1. 1991) by the immobilized enzyme membrane/H202 method in whole blood. The c.v. of within-run precision was 0.96% (mean glucose level; 11.39 mmol) in mouse, 0.92 % (mean glucose level; 7.22mmol) in rat. Shown in Fig 1 is the comparison between the Antsense® and Hitachi 736® for animals studied. The cor- .€ HK-G6PDH method (HITACHI 736)
Blood collection
Blood was obtained by two methods, venesection at the tail tip using a blood collection blade (Feather Safety Razor Co., Osaka) or decapitation. For venesection, animals were either restrained in a dark plastic tube or anaesthetized with ether or pentobarbital. For the conscious animals the tubes used were such that the animal would just fit into the tube with its tail outside. Less than 10III was sampled within 15-30 s from removal of cage on each occasion and bleeding was thoroughly stopped before the animals were returned to the cage. Between animals the tube was cleaned with gauze. In the conscious state the total time elapsing between removal from the cage and bleeding was less than 30 s, with time intervals of 1.5 min, and the maximum time elapsing between first disturbing the cage and last bleeding in one cage was less than 7.5 min. Anaesthesia of relation between the two methods was good In = 36, r = 0.9931, with the regression equationofthe curve de£nedby Y= 1.012 x -1.467. The use of this compact glucose analyser provides a quick and accurate method without the necessity for special preparation. Using this equipment, one operator can measure about 40 animalsjh at cage-side. 145 Experiment 1: Effect of handling, cage transportation and anaesthesia on plasma glucose Eight-week-old B6C3Fl mice (S4jsex) were divided into nine groups of six mice each. Three groups were subjected to venesection. One of these groups was acclimatized to handling. For the purpose of this experiment this group was nominated as the control group. A second group was not acclimatized to handling and the third group was transported on a pushcart to an adjacent room (a distance of 5-6 m, within one minute) maintained under the same temperature and lighting conditions prior to sampling. A fourth group was decapitated without anaesthesia. The remaining five groups were anaesthetized, two with pentobarbital (for 1 or 5 min) and the others with ether (for 15-20, 25-30 or 60-90 s). Blood sampling was performed on different days, but always at the same time (09:00-10:00 h). The effects of handling, cage transportation and ether anaesthesia were also examined in the same manner in ICR mice, F344 and SD rats.
Experiment 2: Effect of repeated blood sampling on plasma glucose
Ten nine-week-old B6C3Fl mice of each sex and 10 F344 rats of each sex were repeatedly sampled from the tail vein. The animals were conscious and restrained in the same way as experiment 1. New incisions were made at 1-2, 3-4, 5-6 min and I, 2, 3 and 24 h after the first bleeding (t = 0). Plasma glucose level was measured using Antsense® for comparison with those levels measured at the time of the original blood sampling. All experiments were done between 08:30 and 12:30 h. This is a time of minimal baseline feeding and activity for rodents (Buck & Marazzi 1987) .
Statistical methods
Data were expressed as mean and standard error of the mean. Each parameter was tested by analysis of variance, followed by Dunnett's multiple t-test to evaluate statistical differences between mean values of the unanaesthetized (control) and other groups at the 1% and 5 % levels of significance.
Results
Experiment 1: Effect of handling, cage transportation and anaesthesia on plasma glucose
The stress of initial handling and transport to an adjoining room produced a significant increase in plasma glucose concentrations (P < 0.011 in B6C3Fl and ICR mice, but not in Tabata, Kitamura & Nagamatsu F344 and SD rats (Table 1) . Decapitation in mice also caused a significant increase in glucose level (P < 0.01). In particular, the stress of ether anaesthesia caused a rapid and marked increase in plasma glucose levels in the two strains of mice, with levels doubling after anaesthesia for one minute. In rats, in contrast, ether anaesthesia caused only a slow and slight increase in plasma glucose: in both strains, anaesthesia caused no change after one minute and a mild increase after 5 min. In mice, moreover, pentobarbital caused a significant increase (P < 0.01) in plasma glucose in both strains.
Experiment 2: Effect of repeated blood sampling on plasma glucose
Blood sampling by partial section of the tail vein caused a rapid but transient increase in plasma glucose in mice. Table 2 shows that values for the first 5 min increased in a timedependent manner. However, no significant difference from first measurement was seen at measurements from one hour on. Rats subjected to similar blood sampling over a 24-h period maintained similar values to that at initial sampling.
Discussion
In both species there was an increase in levels of glucose after anaesthesia. Both anaesthetic agents are known to cause depression of body temperature which may be part of the cause of the elevation of glucose levels. The effect was considerably more marked in mice than in rats. This may be related to the more rapid loss of body heat which is seen in smaller animals. In mice the effects were more marked after ether than after pentobarbital, in spite of the shorter period of anaesthesia. However, there must be some other causes otherwise it would be expected that there would be a more obvious relationship between period of anaesthesia and glucose levels, without reference to the anaesthetic agent. Ether is known to have an effect upon carbohydrate metabolism and it is possible that its effect on plasma glucose levels may be partially a result of this. Neither handling of rats unaccustomed to 
